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Phylogeography has recently become more
abundant in studies of demographic history of
both wild and domestic species. A single nucleo-
tide polymorphism (SNP) in the intron of the
Y-chromosomal gene UTY19 displays a north–
south gradient in modern cattle. Support for
this geographical distribution of haplogroups
has previously also been seen in ancient cattle
from Germany. However, when analysing 38
historic remains of domestic bulls and three
aurochs from northern Europe for this SNP we
found no such association. Instead, we noted
extensive amounts of temporal variation that
can be attributed to transportation of cattle and
late breed formation.
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1. INTRODUCTION
Recent decades have seen an increase in the number
of phylogeographic studies of populations and species,
including domestication studies (Emerson & Hewitt
2005). Along with the increasing number of publi-
cations, the need for proper sampling and temporal
data (Ramakrishnan et al. 2005) has become evident.
For example, when modern European brown bears
(Ursus arctos) were investigated, the genetic pattern
indicated an obvious case of climatic dependence
upon southern refugias (Taberlet et al. 1998). Ancient
samples, on the contrary, indicate a continuity of
prehistoric gene flow (Valdiosera et al. 2007, 2008).
Ancient samples from other species have also contra-
dicted analyses based solely on modern samples, as
seen with the language-related FOXP2 gene in
humans. Based on contemporary samples, it was
suggested that the non-synonymous mutations unique
in present-day Homo sapiens evolved after the split
with Neandertals (Enard et al. 2002). But additional
ancient samples showed that it evolved before the
speciation of H. sapiens (Krause et al. 2007).

In modern European cattle (Bos taurus), a north–
south gradient of genetic diversity has been observed
in various genetic systems (Jann et al. 2004; Cym-
bron et al. 2005; Li et al. 2007), including the Y
chromosome. One single nucleotide polymorphism
(SNP) in the 19th intron of the Y-chromosomal gene
UTY (UTY19) and one 2 bp insertion–deletion
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polymorphism in ZFY intron 5 distinguishes two
haplogroups: Y1, primarily found in northern
Europe, and Y2, mainly distributed in southern
Europe (Götherström et al. 2005). When the same
geographical pattern was observed in ancient cattle and
aurochs (Bos primigenius), it was interpreted as a sign of
potential hybridization in Europe between domestic
cows and aurochs bulls (Götherström et al. 2005).
Although most studies of mitochondrial DNA from
ancient and modern cattle show no sign of local
contributions by European aurochs to the modern gene
pool (Bollongino et al. 2006; Edwards et al. 2007),
some but very limited cattle–aurochs hybridizations in
Europe cannot be ruled out (Beja-Pereira et al. 2006;
Achilli et al. 2008). Nevertheless, whether any local
introgression between aurochs bulls and domestic cattle
occurred in Europe is yet to be determined.

In order to explore how a temporal dataset,
spanning from the Bronze Age to the present day,
relates to the previous results, we use the UTY19
SNP that is known to be alternatively fixed in the two
haplogroups. SNP status was studied in 38 historic
cattle remains mainly from Scandinavia, as well as in
three additional aurochs specimens. A strong geo-
graphical signal in the ancient samples, with the
majority of samples belonging to haplogroup Y1,
would support the previous indications of cattle–
aurochs hybridization in Europe. Temporal variation
of allele frequency, on the contrary, would not be
consistent with a conserved signal from the time of
domestication, and would require other explanations.
2. MATERIAL AND METHODS
(a) Samples

The majority of the samples (all dated with the archaeological
context) were Swedish mediaeval material (nZ21) collected from
the following places: the fortified village of Eketorp (Öland), Stora
Kålltorp, Lödöse, Skara and Visby. The post-mediaeval historic
material (nZ15) consists of bones from the harbour in Marstrand
and was dated to the eighteenth century. The English material
consists of one mediaeval bone from York and one undated aurochs
sample found on the coast close to Southampton. From Hungary
(Szazhalombatta), two aurochs and one domestic specimen dated
to 1600–1700 BC were analysed. All samples were identified as
male (data not shown) using a previously described protocol
(Svensson et al. 2008). The material is summarized in table 1 (and
electronic supplementary material, table 1). To further investigate
the pattern in modern animals, DNA from 27 Lithuanian bulls
(table 1) was analysed. Data from Götherström et al. (2005) were
included in the statistical analysis.
(b) Sample extraction and amplification

Ancient DNA was extracted according to a previously published
protocol (Svensson et al. 2007). DNA was amplified with primers
targeting 133 bp of UTY19 starting from nucleotide position 378 in
the reference sequence AY936543. For details on DNA extraction,
PCR conditions and SNP typing, see the electronic supplementary
material.
(c) Statistical analyses

Allelic dropout is a frequent problem when working with degraded
material (Taberlet & Waits 1998). Since the Y chromosome is a
haploid system, the frequency bias due to allelic dropout is not
possible. Therefore, a minimum of two successful SNP identifi-
cations for each historic sample were considered sufficient for
inclusion in the statistical analysis. The Fisher exact probability
two-tailed test, as implemented in STATISTICAv. 8, was used to test
for differentiation between the different geographical and temporal
groups. We also calculated the allele frequency needed for statistical
significance, using the binomial distribution, for the mediaeval and
modern samples.
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Figure 1. The frequency of the C allele, corresponding to
haplogroup Y1 in the animals from Eketorp, Visby and
Skara (twelfth century), Marstrand (eighteenth century)
and modern animals from Sweden, Finland and Lithuania
(twenty-first century). Note that a binomial distribution
alone allows for a frequency of below 0.23 of the C allele in
the mediaeval material and, similarly, a frequency of above
0.79 in the modern material.

Table 1. Location, date and the number of animals assigned
to haplogroups Y1 and Y2 for the domestic cattle included
in the statistical analysis.

location date Y1/Y2a

Hungary 1600–1700 BC 0/1
Eketorp/Sweden AD 1100 0/8
Visby/Sweden AD 1100 0/2
Skara/Sweden AD 1200 0/1
Marstrand/Sweden AD 1700 8/6
Lithuania AD 2000 26/1

a Number of individuals assigned to each haplogroup.
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3. RESULTS
Twenty eight out of the 41 samples were successfully
typed more than once, and were thus included in the
statistical calculations. The three aurochs samples
from northern Europe all displayed allele A, corre-
sponding with the southern haplogroup Y2 (table 1
and electronic supplementary material, table 1).

All but one of the modern Lithuanian cattle dis-
played allele C, analogous to the northern haplogroup
Y1 (table 1). No significant difference was found
between Lithuanian and modern bulls from Sweden
and Finland (pZ0.1927), while they were significantly
different compared with animals from central and
southern Europe (pZ0 in both comparisons). There-
fore, the bulls from Lithuania, Sweden and Finland
were treated as one group (northern Europe).

Since the previously observed north–south geo-
graphical pattern did not apply to our new data, we
conducted statistical tests to investigate both the
temporal and geographical differences between all
geographical and temporal groups. The allele fre-
quency in Swedish mediaeval bulls was significantly
different ( pZ0.0029) compared with that of eight-
eenth century bulls. It was also significantly different
from that of contemporary northern European cattle
( pZ0; figure 1). We detected no difference between
the mediaeval bulls compared with modern southern
European cattle ( pZ0.5688). Also, the eighteenth
century material from Marstrand did not indicate any
significant difference ( pZ1) when compared with
modern cattle from Britain, Holland, Germany and
Switzerland. Cattle from these groups display both
alleles at almost equal frequency.
4. DISCUSSION
We did not observe a geographical pattern of variation
in ancient cattle similar to the one observed in
modern animals. Instead, the allele frequency fluctu-
ated over time, often from fixation of one allele at one
time point to fixation of the other allele at another
time. Our data suggest that there was fixation for (or
at least a major representation of ) the A allele in
Southern Scandinavia some 900 years ago. Since then
there has been a shift; both alleles were well
represented in Scandinavia 300 years ago, but the C
allele was almost completely fixed in modern samples.
This variation suggests that Scandinavia was similar
to modern central Europe concerning the frequencies
of the UTY19 SNP during the eighteenth century,
and also that the fixation for the C allele in northern
Biol. Lett. (2008)
Europe only occurred after the last known aurochs

had been killed (1627 in Poland). Fluctuations over

time can also be seen in the German material

(Götherström et al. 2005 and electronic supple-

mentary material), yet another indication of the fact

that present-day frequencies of the UTY19 SNP have

little to do with early cattle domestication. A better

explanation for the fluctuation of allele frequency and

eventual fixation is an increased interest in specialized

breeds. In mediaeval and post-mediaeval Europe,

with improved possibilities for significant levels of

long-distance trade, cattle could easily have been

moved from one part of Europe to another. With the

increased interest in breeding, as well as elevated

breeding sophistication, combined with the use of

only a few bulls to create modern breeds during the

nineteenth and twentieth centuries, the present-day

frequency of the UTY19 SNP is more likely to be an

effect of the most recent century’s cattle keeping

rather than events that possibly took place in central

Europe some 5–8 Myr ago.
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(Hungary, Skara, Stora Kålltorp, Saleby and Marstrand),
Ylva Telldahl (Eketorp), Gustav Malmborg (Visby), Terry
O’Connor ( York), Jaco Weinstock (English aurochs), Per
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